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Abstract
Preﬂoustudinofthaeﬂectofaseudmdﬂityondigit span task
performance have yielded inconsistent results. Ic this study, 18 young and
18 old subjects were givea the digit span task by means of three different
modalities: visual successive, visual simultaneous, and controlled auwditory.
There was 8 significant sain effect of sodality, with the visual simultaneous
condition yielding the highest scores. A significant age by modality
interaction revealed that age differences were significant for the visual
successive and the auditory conditions, but not for the visual simultaneous
condition. It is suggested that much of the previous confusion may be due to

an inconsistent methodology in digit span resesrch.
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The Effects of Age and Modality on Digit Span Performance

It is generally assumed that performance on a digit span task is
primarily a function of primary memory, but includes a secondary memory
component. To the extent that memory span reflects secondary memory ability,
there should be a small decresent with age (Craik, 1977). It has recently
been suggested that digit span performance may sioply reflect ability to
retain information about the order of a sequence rather than the capacity of
memory stores (Martim, 1978), or that the memory span reflects a general
storage ability (Parkinson, Lindholm, & Inman, 1982). The results of studies
which have examined age differences in memory span hava been quite mixed,
vith some researchers reporting significant sge differences (McGhie, Chapman,
& Lawson, 1965; Parkinson, Lindholm, & Inman, 1982; Taub, 1975), but others
reporting very slight or no differences (Botwinick & Storandt, 1974; Bromley,
1958; Crsik, 1968; Gildbert, 1941; Talland, 1968).

The digit span task may be presemted either visually or auditorily.
Al*hough generally the research indicates tha* an auditory preseantation
provides for a larger memory span than 8 visual presentation, several studies
(Botvinick & Storandt, 1974; Gilbert, 1941) have reported that subjects
perform better vhen thers is a visual presentation of digits. Some studies
(Arenberg, 1968; McGhie et al., 1965; Taub, 1972) have found an interaction
between age and modality such that the older subjects benefited
digproportioaately from an suditory presentatior, Other researchers have
been unable to find such an interaction (Botwinick & Storandt, 1974; Craik,
1968; Talland, 1968; Taub, 1975).

Part of tts» reason for the confusion in this research area may be due to
a lack of experimental contrnl, In most studies involving an auditory
rresestation condition, the digits have been read aloud dy the experimenter.
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Taud (1972) mads use of previcusly tape recorded digits in one part of his
study. He found that scorss on the controlled auditory presentation were not
the ssme as the scores on the :mditioml forward span veurbal presentation
for the younger subjects, although there was no difference among the older
subjects. This discrepancy between the two manners of presenting the
auditory digit spaa task msy help to explain why an intersction between age
and modality is found in some studies but not in others. When Taud
controlled the auditory presentation by means of a tape recorder, he was

unable to find an sge by modality interaction, although in the seme series of

experiments he b1 previously founi an interaction when the suditory
~ndition consisted of the experimenter reeding the digits out loud.

The often cited study by Botwinick anc Storandt (1974) not only used an
uncontrolled auditory condition, but also mde use of a very unusual method
of presenting the visual iaformation. Instead of preseating the digits
sequentially, as on a semory drum, Botwinick and Storindt presented each
series of digits simultaneously, on v card. This procedure does mot appear
to be equivalent to the usual successive preseatation.

It vas the purpose of the present study to try to eliminate some of the
methodological difficulties found in prior studies of the effect of age and
modality om digit spas task performsnce. In addition to a controlled
auditory presentation and the trsditionsl visual presentation via a memory
drus, s third condition was used. In this condition, digits were presented
on s semory drus, but they appeared all at the seme time. This is roughly
equivalent to the method used by Botwinick and Storandt {1974), and was
included in order to test the hypothesis that a sequential snd a simultaneous
visual presentation are not really equ’valent.

S



Msthod
Sabfects

The younger group comsisted of 18 students between the ages of 18 and 30
"who ware earolled at a regional campus of a large midwestern university. The
mean age was 19.6 end the mean education level was 12.9 years. The older
grocp vas composed of eighteen 61 to 75 year olds who were participating in
sn Elderhostel progrsm, For this group, the mean age was 67.7, and the mean
education level was 14.8 yesrs. All research participants were volunteers.
Apparatus

Digits were presented by means of a memory drum and a cassette tape
recorder. Three different sets of digit series pairs ranging in length from
3 to 12 were randomly generated for use in all three modalities. The digits
never appeared in anumerical order and until the digit sequence exceeded ten,
no digit was repeated within a sequence.

Procedure

Upon arrival at the laboratory, subjects were questioned as to age,
level of education and state of general health. Prior to each experimentzl
condition, instructions were read to the subjects. Each subject was tested
in all three modality conditions.

For the visual successive condition, digits were presented at the rate
of cne per second in the windov of the mesmory drum. After it was ascertained
that the subject vas able to perceive the stimulus figures, two different
series of three digits were presented to the subject. If ome or both of the
digit strings were correctly recalled, two series of four digits wvere
presented. This procedure wvas repested until a serinss length was reached for
vhich the subject could not recall all digits in correct order for either of
the two sequences. The sequence lemgth prior to this last series was



considered to be the subject's memory spen.

In the visual sisultaneous condition, the procedure wvas identical except
that all of the digits wvithin s given series were presented to the subject at
the same time through the wvindow of the memory drum. The digit series
remained exposed for one second per digit.

In the auditory condition, the procedure was exactly the same as ia the
other two conditions except for the fact that the digits wvere presented
verbr'!;, by means of a tape recorder, at the rate of one digit per second.

the order of presentation for eech modality condition was completely
counterbalanced across subjects. Each of the three different sets of digits
was paired with esch modality an equal number of times and appesred in each
order an equal number of times.

Results

The mean scores on the digit span task for the young group were 6.21 for
the visual successive condition, 7.88 for the visual simultaneous
condition,and 5.94 for the suditory condition. For the old group, the
average scores were 5,56 for the visual successive conditionm, 8.21..’ for the
visual sisultansous condition, and 5.00 for the suditory condition.

A 2 x 3 repeated seasures amslysis of variance indicated a significant
main effect of modality (F (2, 68) = 91.12, p € .01) end a significant age by
modality interactioa (F (2, 68) = 5.36, p < .01), but no significant main
effect of age (¥ (1, 34) = 2.87, p > .05). An anslysis of simple main
effects indicated that age had s significant effect on performance in the
visual successive condition (F (1, 34) = 5.80, p < .05) and the auditory
condition (F (1, 34) = 6,37, p < .05), but not in the visual sisultaneous
condition (F (1, 24) = .79, p > .03).

Planned comparisons revealed that the subjects' scores for the visual



simultaneous presentation were significantly different than scores on both
the visual successive condition (t (70) = 8.68, p < .01) and the suditory
condition (¢t (70) = 8.95, p < .01). Scores for the auditory condition were
oot significantly different from scores for the visusl s ~cessive condition,
bovever (¢ (70) = 1.62, p > .05).

Discussion

In this study a significent age difference was found when the
traditional modes of presenting the digit span task were used (visual
successive and suditory conditions). Although an age by modality interaction
vas found, it did mot take the form found previously in that the older people
did not benefit disproportionately from cthe auditory presentation. In fact,
peither age grovp showsd an advantage during the asuditory presentation
condition. Perhaps this was due to the use of a coantrolled auditory
preseatation. It is very difficult to read digits out loud at the rate of
one per second, and it is possible that some experimenters who have used this
technique have sctually presented the digits at & rate that was somevhat
slover than the rate at which the visual digits were preseated. It may evem
be possidle that the rate of presentation was slowed slightly for the older
subjects. Continued use of pre-recordsi digit presentations may well
eliminate the discrepancy in results with regards to the presence or absence
of an age by modality interaction.

The most clear-cut finding was that a simultaneous presentation of
digits is mot equivalesnt to a succesaive presentation or to an auditory
presentation, The performance on the visual simultaneous task is markedly
better than in the other two conditions. Apparently the task of remembering
the order of digits vecoses much easier if the digits are presented all at
once. Although the smount of time the digits were exposed was equated for



all three conditions, it is likely that in the visusl simultaneous condition,
subjects concentrated on esch digit for more that one second, since they were
able to see more than one digit at the same time, It is also likely that
chunking was easier vith t'iis type of presemtation. Why the extra rehearsal
tise and the facilitation of chunking would have eliminated any age
differential is a question that will have to be answered by further resesrch.

The means obdtained for the visual simultaneous condition were higher
than those obtained by Botwinick and Storandt (1974) at least in part because
Botwinick and Storasdt oaly presented a maximum of eight digits to cheir
subjects. Several of our subjects were able to retain up to 11 digits in
this condition, making for vesy different results than would have been
obtained if a ceiling of eight had been used.

The visual simultanecus zoadition in this study and in the study by
Botwinick and Storandt likely corresponds to the prose condition in Taubdb's
(1975) study. Vhen subjects were required to retain visually and suditorily
prasented recipes, the visual presentation yielded higher score:s. Taub's
conclusion that the effect of mapdality depends on the type of presemtation
used and the requirements of the task is obviously applicable to the present
study. A task as conceptually simple as the digit span test may nonetheless
be presented in a varisty of ways, some of which msy not actually bde
seasuring immediste mewmory span, Clearly, s further exploration of thee
effects of age and modaiity of presentation on digit span performance is

Jeceesary.
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